The high oxygen content in natural biomass resources, such as vegetable oil or biomass-pyrolysed bio oil, is the main constraint in their implementation as a full-scale biofuel for the automotive industry. In the present study, renewable fuel with petrodiesel-like properties was produced via catalytic deoxygenation of oleic acid in the absence of hydrogen (H 2 ). The deoxygenation pathway of oleic acid to bio-hydrocarbon involves decarboxylation/decarbonylation of the oxygen content from the fatty acid structure in the form of carbon dioxide (CO 2 )/carbon monoxide (CO), with the presence of a goat manure supported Ni-Al hydrotalcite (Gm/Ni-Al) catalyst. Goat manure is an abundant bio-waste, containing a high mineral content, urea as well as cellulosic fiber of plants, which is potentially converted into activated carbon.
Introduction
It is generally known that massive fossil fuel utilization has led to critical environmental devastation. In addition, it is also a nonrenewable and non-biodegradable product, which can possibly diminish over time.
1,2 Biofuel, derived from plants or biomass, has been considered as a fossil fuel substitute for decades. It can be easily produced by several methods: (1) transesterication/ esterication of triglycerides to produce biodiesel/bioethanol, (2) pyrolysis of biomass to produce short chain hydrocarbon products known as bio-oil, and (3) deoxygenation/hydrodeoxygenation of oil to produce paraffinic hydrocarbons. [3] [4] [5] Fuels produced using methods (1) and (2) have been reported as promising petroleum fuel substitutes; however, the high volume of oxygen in the products leads to (i) fuel degradation, resulting from incomplete combustion and (ii) deposition of carbon in the fuel engine. Eventually, the carbon deposition causes engine clogging, preventing it from running smoothly. Moreover, fuels made using methods (1) and (2) are not compatible to be used directly in fuel engines without modication of the engine, hence, they need to be blended with petroleum fuel. 6, 7 To overcome these shortcomings, method (3) has been studied enormously by researchers.
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Generally, hydrodeoxygenation (HDO) and deoxygenation (DO) are the same oxygen-removal process. Unfortunately, HDO consumes large amounts of hydrogen gas to produce more selective hydrocarbon products, 11, 12 resulting in high operational costs. Despite being low in product selectivity, the DO reaction is more economical and practical to be implemented. HDO/DO reactions have been reported using various types of catalysts. Nobel metal-Ru, Rh, Pd, sulded and zeolite catalysts are typically used for the HDO/DO reaction. [13] [14] [15] [16] Nobel metal catalyst application is limited on an industrial scale owing to its expensive price. Sulded catalyst leads to formation of undesirable sulfurcontaining products, and is thus not in agreement with the demand for green fuel. The high acidity of zeolite-containing catalysts also results in a wide spectrum of products. This leads to the exploration of alkaline catalysed reactions, which proves that high basicity in catalysts is not only able to inhibit coke formation, but also improve the rate of the decarboxylation reaction mechanism. [17] [18] [19] Hydrotalcite (HT), with the general formula of [M(II) 1Àx M(III) x (OH) 2 ] x+ (A nÀ ) x/n $mH 2 O, where M(II) and M(II) are divalent and trivalent metal cations, while A is intercalated anion, is a type of double layered hydroxide (LDH) catalyst that has basicity with ion exchange properties. [20] [21] [22] Typical hydrotalcite has strong alkaline content, which is derived from M(II) ¼ Mg, which causes saponication of the high free fatty acid (FFA) feedstocks, thus the substitution of other active metals such as Ni was suggested. The interest in hydrotalcite as a catalyst has grown owing to its ability to be synthesized with various tunable basicity and acidity properties. It has been proved that hydrotalcite catalysts can catalyze HDO/HDO reactions, resulting in various paraffinic hydrocarbon products under severe reaction conditions (high pressure (100 psi) and temperature (350 C)). [23] [24] [25] [26] Ni also has a notorious ability in oil cracking, attributed to its high acidity of active sites.
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Goat manure is an abundant waste that is derived from plants consumed by goats, commonly grass. Owing to the high mineral content of goat manure, it is usually used as a fertilizer for planting purposes. Goat manure comprises urea as well as cellulosic ber of plants, which can be converted to activated carbon. There are no studies that have been reported so far on using goat manure as a source of activated carbon. Besides, it has also never been used as a catalyst for biofuel production application. Thus, the aim of this study is to (1) synthesize and characterize a Gm/Ni-Al catalyst, (2) investigate the catalytic DO reaction of oleic acid over the Gm/Ni-Al catalyst, and (3) determine the optimum operating conditions by using response surface methodology (RSM), which leads to the maximum yield and diesel selectivity.
Experimental

Materials
Fresh goat manure was obtained from the local supplier, Bangi Malaysia. All metal salts for hydrotalcite synthesis: aluminium(III) nitrate nonahydrate, Al(NO 3 ) 3 $9H 2 O (98.5%), nickel(II) nitrate hexahydrate, Ni(NO 3 ) 2 $6H 2 O (97%) as well as sodium carbonate, Na 2 CO 3 (99.5%), were obtained from R&M Chemicals Sdn. Bhd. Sodium hydroxide, NaOH (99%), was purchased from Merck. The internal standard 1-bromohexane, 1-CH 3 Br (>98%), and the alkane and alkene standard solution (C 8 -C 20 ) were purchased from Sigma-Aldrich. Hexane, GC Grade (>98%) was also obtained from Merck for dilution purposes. The oleic acid (99.5%) was acquired from QRec and the physicochemical properties of the oleic acid are tabulated in Table 1 .
Preparation of catalyst
Fresh goat manure was dried in an oven for 48 h at 100 C. Then it was ground to a powder and sieved. Next, the powdered goat manure was calcined at 300 C for 20 min in a furnace with the presence of N 2 gas in order to activate the goat manure, denoted as Gm. Ni-Al HT catalyst supported on activated goat manure was synthesized by simple co-precipitation method. The nickel salt (Ni(NO 3 ) 2 $6H 2 O) and aluminium salt (Al(NO 3 ) 3 $9H 2 O) were mixed up and dissolved in 250 ml of deionised water and Gm was added into the salt solution with Gm : Ni-Al molar ratios of 1 : 3, 1 : 1 and 3 : 1. The molar ratios of Gm to Ni-Al were calculated based on the moles of Gm to the sum of the moles of Ni-Al. A mixture of NaOH and Na 2 CO 3 solution was prepared in a 1 : 1 molar ratio and dropped into the solution at a rate of 1 ml min À1 under vigorous stirring. Coprecipitation of the catalyst was carried out until the pH of the solution reached 11. The gelatinous precipitate formed was sonicated for 1 h and aged in an incubator shaker at 70 C for 18 h. Aer the mixture was cooled to room temperature, it was ltered and washed with deionised water until pH 7 was obtained. The precipitate was dried in an oven and the obtained precursors were calcined at 500 C for 3 h for activation, denoted as Gm/Ni-Al. Ni-Al HT catalyst was prepared by using the same co-precipitation method, but without the presence of Gm. The Ni-Al solution prepared with a ratio of 4 : 1 was precipitated out by pre-mixed NaOH and Na 2 CO 3 solution. The physicochemical properties of all precursors and catalysts were characterized by X-ray diffractometry (XRD), Brunauer-EmmetTeller (BET) surface area and temperature program desorption ammonia (TPD-NH 3 ) analysis.
Characterization of catalyst
XRD analysis was performed using a Shimadzu XRD-6000 Diffractometer at a scanning rate of 2 min À1 (2q ¼ 10-90 ).
The catalyst was scanned by Cu Ka radiation, generated by The adsorption and desorption of N 2 on the degassed catalyst surfaces was carried out in a vacuum chamber at the temperature of liquid nitrogen (À196 C) and the specic surface area was determined based on Brunauer-Emmet-Teller (BET) theory. TPD-NH 3 was performed by using a Thermo Finnigan TPD/R/O 1100 instrument equipped with a thermal conductivity detector (TCD). Pretreated catalysts were exposed to NH 3 for an hour at ambient temperature to allow adsorption of the respective gas onto the surfaces. During analysis, the temperature was increased gradually from 50 C to 850 C, thus the desorption of NH 3 was simultaneously analysed by TCD under helium ow at a rate of 30 ml min À1 .
Deoxygenation reaction
The DO reaction of oleic acid was carried out in a simple glass reactor equipped with a temperature detector and a stirrer (Fig. 1) . Approximately 10.0 g of oleic acid was mixed with the catalyst in the reactor and the mixture was heated using a predetermined time and temperature. Aer the reaction, the product was collected and characterised by using gas chromatography-mass spectroscopy (GCMS) for the purpose of compound composition identication, as well as gas chromatography-ame ionisation detector (GC-FID) for yield and selectivity determination.
Product analysis
The product was analysed by GCMS analyser in order to determine the composition of each sample. The GCMS analyser (Shimadzu QP2010) was equipped with a thermal conductivity detector and a 30.0 m Â 0.25 mm Â 0.25 mm packed column of RTX-5MS. The sample, dissolved in hexane, Merck GC grade ($98%), was injected into the column at a temperature of 250 C. The carrier gas used was helium with a ow rate of 0.80 ml min À1 . Initially, the column temperature was set to 50.0 C and increased gradually to 300 C at a ramp rate of 3 C min À1 .
It was then held for 30 min at the nal temperature and the peaks were analysed and identied using the National Institute of Standards and Testing-11 (NIST11) library. GC-FID analysis was carried out in order to determine the total n-(C 8 -C 20 ) hydrocarbon yield and product selectivity. A GC-FID analyser (Agilent technologies 7890 A) was equipped with a HP5 capillary column with 30 m length, 0.25 mm thickness and 0.25 mm internal diameter. CH 3 Br was used as the internal standard, and a saturated and unsaturated hydrocarbon standard was used as the standard. A 1.0 ml aliquot of sample was injected into the GC column at a temperature of 250 C. Helium served as the carrier gas with a ow rate of 50 ml min À1 . The initial temperature of the oven was set at 40 C and held for 6 min, then ramped up to 260 C at a heating rate of 7 C min À1 . The programme setting of the GC oven was also supported by several reports. [29] [30] [31] [32] The total product aer DO reaction (X); deoxygenized and intermediates, including acids, ketones, alcohols and aromatic compounds (based on GCMS analysis); and total hydrocarbon yield (Y), saturated and unsaturated hydrocarbons including alkenes and alkanes (based on GC-FID analysis), were determined by using eqn (1) and (2).
where a o ¼ area of reacted products (deoxygenized and intermediates) and a t ¼ total area of reacted and unreacted (oleic acid) products, while a n ¼ area of alkenes, and a m ¼ area of alkanes.
The selectivity (S) of the hydrocarbon product (based on GC-FID analysis) was determined by using eqn (3).
where, n o ¼ area of the selected range of carbon number; gasoline: C 8 -C 12 , diesel: C 13 -C 20 .
Optimization by RSM
The DO reaction of oleic acid was implemented and optimized using response surface methodology (RSM) in conjunction with central composite design (CCD) designated by Design-Expert soware 8.0.6 (Stat-Ease Inc., USA). The three distinguished factors (independent variables) are A: reaction temperature (250-350 C), B: reaction time (1-3 h) and C: catalyst amount (1-5 wt%), whereas the identied responses (dependent variable) were the R1: yield (%) of the oleic acid to renewable diesel as well as the selectivity towards the formation of R2: gasoline (%) and R3: diesel (%). The factorials, axial points and centre points coded for the three-levels distinguished parameters are tabulated in Table 2 , where they are coded to two levels of factor min ¼ À1 and max ¼ +1, while the two axial points are denoted as +a and Àa and the center point as 0. Table 3 presents the full design matrix of the experiments and results in accordance with the factors of CCD design and 
Results and discussion
Characterization of the catalyst
Based on the XRD patterns (see Fig. 2 ), the peak for fresh Gm comprised cellulose, (C 6 H 10 O 5 ) n , which is derived from plants and was exhibited in the range of 2q ¼ 20-25 (JCPDS le no.:
00-050-2241). 33 Small and sharp peaks were also discovered at 27 , 31 and 32 which corresponded to the presence of acetyl methylurea (C 4 H 8 N 2 O 2 ). The presence of a very broad yet low intensity peak at 2q ¼ 20-25 (JCPDS le no.: 00-050-0926), shown in Fig. 2 (ii), proved that activated carbon (Gm) formed aer calcination at 500 C. Simultaneously, the XRD peaks of acetyl methylurea disappeared, indicating that it was decomposed. Fig. 3 shows the elemental composition of Gm analysed by EDX. Based on the spectra, it reveals the existence of other elements, including Ca, Mg, K, Si, Fe and Zr with major percentage <10%. The weak intensities of the EDX spectra for those elements corroborates the absence of their peaks in the XRD proles. It has been agreed that the detection limit of XRD analysis for phase mixtures is >10. The Ni-Al HT catalyst resulted in intense peaks at 2q ¼ 37.3 , 43.4 and 63.2 , which belong to cubic NiO at the (111), (200), (220), (311) and (222) planes. 34 All Gm/Ni-Al catalysts exhibit similar peaks with Ni-Al catalyst, suggesting that the presence of Gm did not alter or interrupt the structure of hydrotalcite. However, the intensity of the peaks was reduced as the ratio of Gm : Ni-Al increased owing to a lesser amount of high crystallinity of NiO. The lower intensity of the Gm/Ni-Al series also signies a good dispersion of Gm on the surface of Ni-Al. Besides, the XRD phase of amorphous aluminium oxide was invisible owing to the merging of aluminium into the lattice of NiO, which happened due to the smaller Al 3+ ion as compared to Ni 2+ ion.
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The crystallite size of the hydrotalcite catalyst was calculated by using the Debye-Scherrer equation based on the highest intense peak centered at 2q ¼ 43.2 ( Table 4 ). The crystallite sizes of all materials can be prescribed as in the following order: Gm/ Ni-Al 1 : 3 (1.2 nm) $ Ni-Al (1.5 nm) $ Gm/Ni-Al 1 : 1 (1.6 nm) < Gm/Ni-Al 3 : 1 (2.4 nm). A smaller crystallite size is proposed to prevent coke formation during the DO process.
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The BET surface area and porosity prole of the catalysts are tabulated in Table 4 . The surface area of Ni-Al was lower than Gm-incorporated hydrotalcite catalysts and it increased 
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following order of Gm < Ni-Al < Gm/Ni-Al 1 : 3 < Gm/Ni-Al 1 : 1 < Gm/Ni-Al 3 : 1. The increase in surface area was attributed to the incorporation of Ni-Al on the Gm support, where sonication of this gelatinous precipitate during the synthesis was able to disperse the coagulated precipitate homogeneously. It was found that surface area does not show any signicant correlation with the crystallite size of the catalyst (refer to XRD result).
In the case of the catalysts' porosity, all Gm-incorporated catalysts resulted in enlargement of the pore diameter from 4.6 nm (Ni-Al) to 9.9-14.6 nm (Gm/Ni-Al), indicating that the catalysts mainly consist of a dead-end mesoporous (2-50 nm) structure. This result was in agreement with the large pore size of Gm (27.8 nm). Meanwhile, the pore volume follows a trend: Gm > Gm/Ni-Al 3 : 1 > Gm/Ni-Al 1 : 1 > Gm/Ni-Al 1 : 3 > Ni-Al. The substantial increment of the pore volume of Gm/Ni-Al catalyst was likely correlated with narrow porosity or hollow core cavities, thus resulting in high surface area. The higher surface area of the Gm/Ni-Al series corroborates with the XRD results, which show good dispersion of Ni-Al on the Gm support. Based on the results, it can be assumed that the Gm/ Ni-Al catalyst with high surface area has high potential for promoting the DO reaction due to the wide channel accessibility of the reactant and product to the catalyst's active sites. The changes to the surface morphology for the Gmincorporated Ni-Al catalyst were determined by FESEM analysis (Fig. 4) . The typical Ni-Al catalyst shows a rough surface with irregular shapes of particles (see Fig. 4a ). The pore structure was not clearly seen, suggesting that a wide pore diameter (refer to BET) was determined from the shallow pores of the NiAl catalyst. The FESEM morphology for each Gm/Ni-Al catalyst displays the regeneration of multilayer surfaces resulting from incorporation of the Gm support ( Fig. 4b-d) . Gm/Ni-Al 1 : 3 shows multilayers of at surface with no obvious pore structure. However, the apparent pore structure was exposed by Gm/Ni-Al 1 : 1 (see Fig. 4c ) and Gm/Ni-Al 3 : 1 (see Fig. 4d ), which correlated with the enhancement of the BET surface area of each catalyst. Gm displays a smooth surface with the presence of a pore structure, in agreement with the study reported by Hajati et al. 37 It could be summarized that Gm/Ni-Al has emulated the rough surfaces and porosity of both Ni-Al and Gm, concurrently. The Gm/Ni-Al textural properties are proposed to alleviate the DO reaction of oleic acid.
The acidity prole of Gm/Ni-Al, Ni-Al and Gm catalysts was studied by TPD-NH 3 analysis (Table 4 and Fig. 5 ). All catalysts exhibits NH 3 desorption peak >500 C, which attributed to strong acid strength of active sites. 38 Among the catalysts, Gm rendered the lowest acid density (288.81 mmol g À1 ) owing to the absence of oxygen-containing surface lattice, which was attributed to the decomposition of oxygenous compounds in Gm during the thermal activation process. 39 Based on the acid distribution prole, the Ni-Al catalyst rendered strongest acid strength (635 C) with a total acidity of 6050.22 mmol g . It was strongly suggested that strong interaction of Gm with Ni-Al species was dynamically achieved with a 1 : 1 ratio, which actuates the synergetic effect that further intensies the acidity of the catalyst. 40 
Catalytic deoxygenation
The hydrocarbon yield and total product prole of the catalytic DO reaction are shown in Fig. 6a . Gm/Ni-Al catalysts give high catalytic activity towards DO reaction with a hydrocarbon yield of 90.3-98.1% and total product yield of 98.1-99.9%. Among the Gmincorporated Ni-Al catalysts, the highest hydrocarbon yield was obtained by using the Gm/Ni-Al 1 : 1 catalyst, which resulted in a 98.1% hydrocarbon yield and a 99.9% total product yield. It is strongly suggested that the catalytic activity towards the DO reaction of the Gm/Ni-Al 1 : 1 catalyst was enhanced owing to its high acid density (refer to TPD-NH 3 results). Apart from the enriched acid characteristic, the textural properties of the Gm/Ni-Al 1 : 1 catalyst were also improved (refer to BET results). Individually, NiAl resulted in an 88.8% hydrocarbon yield and a 97.6% total converted product yield. This was due to the number of acid sites of the Ni-Al catalyst, which facilitates the DO reaction. Besides, it was proposed that Ni-Al has cracking ability, which can avoid coke formation during the reaction. 41, 42 The activity of Gm showed the lowest hydrocarbon yield and total product yield, with 81.5% and 60.3%, respectively. This correlates with the lowest amount of acid sites and the absence of an oxygen-functioning surface, which is favourable for catalytic reaction.
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Stimulatingly, it was speculated that the existence of a limited quantity of acid-base elements, such as Mg, Ca, Si, Fe and Zr (refer to EDX results) in Gm improves the performance of the Gm/Ni-Al catalyst, and hence enhances the activity of removal of oxygenates through the DO reaction. Evidently, previous studies have found that active metals with acid/base properties as well as stable morphological characteristics, Mg, Ca and Zr, facilitate C-O cleavage through the decarboxylation and decarbonylation pathways.
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Consequently, Gmincorporated Ni-Al catalyst resulted in higher selectivity towards C 17 (n-heptadecene and n-heptadecane), C 9 (n-nonane and n-nonene), and C 8 (n-octane and n-octene), indicating that incorporation of Gm species onto the Ni-Al catalyst enhanced the product selectivity owing to better textural characteristics and a synergistic effect in acidic properties (see Fig. 6b ). Therefore, the DO reaction of oleic acid via Gm/Ni-Al 1 : 1 catalyst was further optimized by using RSM analysis.
Optimization by RSM
Validation of model regression. A quadratic polynomial equation was selected for designing the response surfaces as well as the contour plots for each interaction owing to it having the highest order polynomial, signicant additional terms and no aliased model. The results for R1: yield and R3: diesel selectivity responses for Gm/Ni-Al catalytic DO, analysed by ANOVA, are tabulated in Table 5 . Based on the results, there were signicant effects of interactions among the individual variables as well as between different variables to that of the responses. It shows that Gm/Ni-Al catalyst has Prob > F values indicate that the R1 and R3 model were well-tted. The coefficient of variation (CV) values were less than 10% with a high degree of precision, proposing that the data sets of the experiments were reliable with R1 ¼ 2.62% and R3 ¼ 1.66%. The result was also in line with the R 2 value of the data experiments, with values of 0.9104 and 0.9845 for R1 and R3, respectively. It should be noted that a perfect regression line will have an R 2 value of 1, whereas an R 2 of 0 means that the regression line is not t at all. Moreover, adequate precision has a value of more than 4, which shows a high signal to noise ratio, thus the model can be used to conduct the design of study. According to the ANOVA results obtained from the Gm/Ni-Al catalysed DO reaction, the suggested model terms that have a positive impact on R1 were B, C and AC. This indicates that any differences of distinguished parameters B and C as well as the interactions between A and C would have a positive inuence on the R1. On the other hand, A, AB and A 2 showed negative feedback to R1, resulting in a decrement of yield, whereas AC, B 2 and C 2 do not have a signicant impact on R1. Meanwhile, the suggested model terms that have a positive effect on R3 were AC, BC, A 2 , and C 2 . On the contrary, A, B and C parameters resulted in a negative response in R3, while no signicant effect was given by the AB and B 2 interactions.
Interaction effects of reaction parameters on DO reaction towards responses. RSM soware demonstrated that the incorporation of reaction temperature: A, time: B and catalyst amount: C gave a signicant impact on the R1: yield as well as R2: gasoline and R3: diesel selectivity of the oleic acid DO reaction. The six replication models of experiments, which conrm the good probability of the data set, are shown as red points in the middle of the 3D and 2D plots. In the 3D surface plots, the vertical axis represents any increment of percentage of yield and diesel, while the two horizontal axes represent the respective parameters of the DO reaction. Based on the RSM 2D contour and 3D surface plots, the red point revealed in the middle of both plots indicates the good predictability of the design, which has been replicated six times.
Interaction effect between temperature and catalyst amount (A-C) towards R1: yield. The response for the interaction between A: temperature and C: catalyst amount towards the DO reaction for Gm/Ni-Al catalyst is exhibited in the 3D surface and 2D contour plots (see Fig. 7a and b) . B: reaction time was xed at 2 h.
The 3D surface plot shows an increase of hydrocarbon yield on one axis, whereas another axis remains at a low level for reaction temperature or catalyst amount. The interaction between temperature and catalyst amount resulted in a plateau effect, since the reaction reached an equilibrium when the catalyst amount used was 5 wt%. The result was in agreement with the 2D contour plot in which the reaction model favoured a high hydrocarbon yield at an intermediate level of temperature (250-300 C) with a maximum 5 wt% of catalyst. Catalyst amount played a vital role in triggering and enhancing the catalytic activity of the Gm/Ni-Al catalysed DO reaction.
Increasing the catalyst amount resulted in a high hydrocarbon yield at an intermediate level of temperature. On the contrary, increment of temperature does not increase the catalytic activity at the maximum amount of catalyst. The DO reaction at a temperature of 250 C gives $92% yield and the percentage was increased to 96.6% with the addition of catalyst amount to 5 wt% at the same reaction temperature. At this point, more catalyst provides more accessible surfaces for the DO reaction of oleic acid. Using the same amount of catalyst at concluded that the interaction of temperature-catalyst can be maximised with sufficient amount of catalyst and by controlling the temperature. Temperature-catalyst amount (A-C) interaction effect towards R3:diesel. The effect of A: temperature and C: catalyst amount on diesel selectivity (reaction time was kept constant at 2 h) for the Gm/Ni-Al catalysed DO reaction is revealed in the 3D surface plot (see Fig. 8a ) and the 2D contour plot (see Fig. 8b ).
An inverted curvilinear effect occurred in the 3D surface plot owing to the decrement in Gm/Ni-Al catalyst amount giving a remarkable increase in diesel yield between the initial and intermediate range (250-325 C). However, there was a slight increment as the catalyst amount reached its limit (3-5 wt%) at the highest temperature (335-350 C). The 2D contour plot depicted high diesel selectivity at the low reaction temperature (250-280 C) and low catalyst amount (1-3 wt%). It can be summarized that the Gm/Ni-Al catalysed reaction only requires low temperature and a small amount of catalyst for highest diesel selectivity. Further increment in temperature resulted in reaction drawbacks and over-cracking of oleic acid.
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Time-catalyst amount (B-C) interaction effect towards R3:diesel. The inuence of the interaction between B: time and C: catalyst amount, while temperature was xed at 300 C, on diesel selectivity of the DO reaction via Gm/Ni-Al catalyst is depicted in 2D contour and 3D surface plots (see Fig. 9 ). Similar to Fig. 7 , the 3D surface plots also exhibited an overturned curvilinear shape in which higher diesel selectivity was achieved with the reduced catalyst amount within a short reaction time. However, the diesel selectivity was slightly increased as the reaction time reached its highest level (2.6-3.0 h) with the corresponding maximum limit of catalyst amount (4.5-5.0 wt%). Over 80% diesel selectivity was obtained by using <2.0 wt% catalyst amount with 1.40 h reaction time. The maximum diesel selectivity was obtained using 1 wt% of catalyst and 1 h reaction time. It can be summarized that prolonged reaction time would be detrimental, even though the catalyst amount is increased. This is owing to a high opportunity for catalysed deoxygenation of oleic acid into gasoline, instead of diesel, under this reaction condition: temperature of 300 C. Generally, a high temperature was required for the DO reaction of oleic acid, suggesting that the viscosity of the reactant was reduced, thus increasing oleic acid diffusion with catalyst. However, overheating resulted in over-cracking of oleic acid, suggesting that more gaseous and short-chained hydrocarbons were produced. The hydrocarbon yield decreased at higher reaction temperature owing to the formation of intermediate hydrocarbons, such as ketones and aldehydes.
Prolonged reaction time increased the hydrocarbon yield owing to sufficient time being provided. However, it must be mentioned that the viscosity of the reactants would increase by prolonging the reaction time. At this point, some reactants would crack to gasoline. Sufficient catalyst amount provides more surfaces for greater accessibility of oleic acid. The optimum catalyst amount used gives a high yield of product, correlating that the catalyst improves conversion by providing active sites for the DO reaction.
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Optimizing operating conditions for Gm/Ni-Al catalysed deoxygenation reaction. In order to determine the optimum operating conditions for the Gm/Ni-Al catalysed DO reaction, it was crucial to set the variables (temperature, time and catalyst amount) in the range of high to low levels, coded as À1 and +1. Targeted values for all responses were xed as desired: maximum yield, minimum gasoline and maximum diesel selectivity. Table 6 tabulates the optimized reaction conditions and point prediction results for the Gm/Ni-Al catalysts and responses. Based on all the reaction conditions, the lower and upper limits are the minimum and maximum responses obtained during the experiments. The upper limit of R1: yield was 99.1%, while R3: diesel was 86.1%. The optimum conditions for the Gm/Ni-Al catalysed DO reaction were temperature: 327.14 C, time: 1 h and catalyst: 5.0 wt%. With these reaction conditions, it was predicted to produce a 97.9% of hydrocarbon yield with 70.4% diesel selectivity. However, results from the experiment exhibited a minor deviation in diesel selectivity, which produced 70.4% diesel, despite a minor difference in yield of less than 5%. It can be summarized that the generated quadratic model is reliable for the Gm/Ni-Al catalysed DO reaction since it shows good precision and predictability for all responses, corresponding to the optimum operating conditions.
Conclusion
Gm/Ni-Al 1 : 1 catalysed DO of oleic acid into paraffinic hydrocarbons was successful owing to its high total acidity (17 290.73 mmol g À1 ) and high surface area (183.6 m 2 g À1 ) as compared to other catalysts with ratios of Gm/Ni-Al 3 : 1 and Gm/Ni-Al 1 : 3. Bio-hydrocarbon at C 17 (heptadecane and nheptadecene) was the major component found in the deoxygenated liquid. The results indicate that the characteristics of goat manure-derived activated carbon rendered a signicant effect towards hydrocarbon productivity and selectivity. The catalyst with acidity-basicity provides better selectivity for renewable fuel (diesel: C 13 -C 20 ), while the product yield was optimised by the higher surface area and porosity of the catalyst. Besides, the acidic properties of the Gm/Ni-Al catalyst offer higher conversion owing to the presence of cracking pathway that is generated from the acid sites of the catalyst, as well as the favourable decarboxylation pathway of oleic acid on the mildly basic sites of the hydrotalcite itself. Based on the RSM reaction model regression of the Gm/Ni-Al catalysed DO process, the optimum hydrocarbon yield was 97.9% with 63.7% diesel selectivity at its optimum reaction conditions; reaction temperature: 327.14 C, reaction time: 1 h, and catalyst amount:
5 wt%.
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